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Abstract

Introduction The distal tibiofibular syndesmosis is a key structure for the ankle joint’s stability and function,
especially when the body is weight-bearing. Recent literature indicates that weight-bearing radiographs demonstrate
superior diagnostic yield compared to non-weight-bearing radiographs. This study aimed to determine the diagnostic
yield of the weight-bearing compared to the non-weight-bearing radiographs.

Materials and Methods A total of thirty-six healthy adult individuals, with an age group ranging from 18 to 65 years,
who had never experienced any trauma, were selected for this study. We performed radiographic imaging in three
planes of view: anterior-posterior, lateral, and mortise, for both ankles under both weight-bearing and non-weight-
bearing conditions. The tibiofibular clear space, tibiofibular overlap, medial clear space, tibiofibular distance-lateral,
anteroposterior tibiofibular ratio, and Lateral Tibial (LT) width were measured.

Results Tibiofibular clear space and anteroposterior tibiofibular ratio were higher in the weight-bearing position,
while tibiofibular overlap, medial clear space, and lateral tibiofibular distance were higher in the non-weight-bearing
position. There was a gender effect, as males had higher values for most of the parameters; however, no significant
difference was seen in the anteroposterior tibiofibular ratio and tibiofibular distance lateral. The results of this study
demonstrate that X-rays of the distal tibiofibular syndesmosis reveal very different outcomes when the person is
bearing weight or not pulling weight. These clinically significant differences suggest that weight-bearing radiographs
may enhance the identification and diagnosis of syndesmotic injuries. Further studies will be necessary to help with
the refinement of the imaging protocols and to improve diagnostic accuracy based on various types of patient
demographics.

Conclusion WB radiographs provide a more functionally accurate assessment of syndesmotic integrity than NWB
imaging. They should be incorporated into routine diagnostic protocols, especially for active individuals and those
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with higher BMI. These findings support the need for demographic-specific imaging strategies to improve diagnostic

precision.

Keywords Tibiofibular syndesmosis, Tibiofibular clear space, Tibiofibular overlap, Syndesmotic injuries,

Anteroposterior tibiofibular ratio

Introduction

The distal tibiofibular syndesmosis plays a critical role in
maintaining the stability and function of the ankle joint
during weight-bearing (WB) activities. Its unique liga-
mentous structure allows for restricted motion between
the tibia and fibula, facilitating efficient load distribution
across the ankle joint. However, injuries to this struc-
ture, such as syndesmotic sprains or diastasis, can lead
to instability, chronic pain, and long-term functional
impairment if not accurately diagnosed and managed [1,
2].

Diagnosing syndesmotic injuries heavily relies on imag-
ing techniques, including conventional radiography,
MRI, CT scans, and ultrasonography. While MRI and
CT scans offer high specificity and detailed visualization,
their widespread use is often constrained by factors such
as cost, availability, and patient contraindications. CT
scans, for instance, involve ionizing radiation exposure,
posing risks to biological tissues [3]. Ultrasonography,
though less specific than MRI, may serve as an alternative
in certain cases [4, 5]. Non-weight-bearing (NWB) X-rays
are still commonly used in clinical practice. However,
new research suggests that weight-bearing (WB) imaging
gives better information about how well the syndesmo-
sis works when it is under physiological loads [1, 6]. WB
radiographs are particularly effective in detecting subtle
instabilities and syndesmotic diastasis, which may not
be apparent on NWB images, especially during the acute
phase or post-operative evaluation [6].

Despite the growing application of WB radiographs,
there remains a critical need for further research directly
comparing WB and NWB imaging techniques in assess-
ing syndesmotic injuries. Existing studies have yielded
inconsistent findings, with some demonstrating signifi-
cant differences between the two modalities, while others
report minimal variations [7].

This study aimed to address these gaps by evaluating
the effects of WB and NWB radiological examinations
on the distal tibiofibular syndesmosis in a sample of 72
ankles. Using key radiological parameters such as tibio-
fibular clear space (TFCS), tibiofibular overlap (TFO),
and medial clear space (MCS), the study seeks to deter-
mine whether WB imaging provides clinically signifi-
cant insights into syndesmotic integrity. Additionally, it
explores the influence of demographic factors, includ-
ing gender and body mass index (BMI), on syndesmotic
anatomy and function, addressing a notable gap in the
existing literature. Thus, the results of this investigation

would provide necessary information for the develop-
ment and optimization of diagnostic approaches regard-
ing injuries of syndesmotic anatomical functions and for
choosing techniques of imaging depending on various
patient demographics.

Materials and methods

The study was conducted on 36 healthy adult volunteers
without a history of trauma within the age bracket of
18-65 years at the Bagkent University Konya Research
Center. Volunteers were excluded if they had a history
of pregnancy, neuropathic disease, prior fracture or
ligamentous injury, previous ankle surgery, or any bone
pathology such as a tumor.

We noted the age, sex, weight, and height of all
participants.

To allow functional grading, all patients had standard
X-rays taken of both ankles, one on each side, in three
different positions, with and without weight bearing
(Fig. 1).

Radiographic technique

All X-rays were acquired by trained radiology technicians
under standardized conditions to minimize bias and
ensure reliability.

Ankle AP-WB view

Each patient stood upright, with their ankles centered
and perpendicular to the detector, their toes pointing
toward the X-ray tube, and their feet in a neutral rota-
tion. We distributed the weight evenly and provided each
patient with something to hold onto to maintain balance.
The midpoint of the lateral and medial malleoli serves as
the centering point for this view [8] (Fig. 1a).

Ankle mortise: WB view

Each patient stood on an upright bench with the ankle
perpendicular to the detector. The leg was rotated 20°
internally. The midpoint of the lateral and medial malleoli
serves as the centering point for this view [9] (Fig. 1b).

Ankle AP-NWB view

Each patient sat upright with their legs straight on the
table. The foot was in a neutral position. Toes pointed
directly toward the ceiling. The midpoint of the lateral
and medial malleoli serves as the centering point for this
view [10] (Fig. 1c).
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Fig. 1 Radiographic views of the right ankle in various positions: 1a- Anteroposterior weight-bearing view, 1b- Mortise weight-bearing view, 1c- Antero-
posterior non-weight-bearing view, 1d- Mortise non-weight-bearing view, 1e- Lateral weight-bearing view, 1f- Lateral non-weight-bearing view

Ankle mortise-NWB view

Each patient sat upright with their legs straight on the
table. The leg was rotated 20° internally. The midpoint
of the lateral and medial malleoli serves as the centering
point for this view [11] (Fig. 1d).

Ankle lateral-WB view
Each patient stood on an upright stand with their ankle
parallel to the detector. We distributed their weight
evenly and provided them with a hold to maintain their
balance [12] (Fig. le).

Ankle lateral-NWB view

We placed each patient on the table in a lateral position.
The lateral aspect of the knee and ankle joints was in con-
tact with the table. The tibia was positioned parallel to
the table. The individual flexed his leg. The foot was in a
normal position. To prevent excessive rotation, the con-
tralateral leg was positioned posteriorly [13] (Fig. 1f).

For all AP positions, the collimator was collimated from
laterally to the skin margins, superior to examine the dis-
tal third of the tibia and fibula, and inferior to the proxi-
mal aspect of the metatarsals, and for all lateral positions,
The collimator was collimated from the posterior part of
the foot to the skin edges of the most posterior part of
the calcaneus at the front, to examine the distal third of
the tibia and fibula at the top, and to the skin edges of the
plantar aspect of the foot at the bottom.

The X-ray beam settings were as follows: 10 mAs,
60 kV, detector size 24 cm x 30 cm, and a focus distance
of 100 cm for all views.

The ankle syndesmosis parameters were measured
separately by two orthopedic specialists who did not
know how the other specialist scored. For each param-
eter, the average of the differences between the measure-
ments made by the two specialists was then found. All
X-ray images were reviewed, and digital measurements

were conducted using ClearCanvas. Workstation version
1.0.0.0 (Source) system.

Following confirmation of appropriate radiographic
technique, the following were measured on both AP and
mortise views: TFCS, TFO, MCS, and the width of the
tibia and fibula, as well as the distance from the incisura
fibularis to the lateral edge of the tibia (Lateral Tibial -LT
width) (Fig. 2).

The measurement landmarks are as follows,

TFCS-AP tibiofibular clear space- anteroposterior view
TFCS-M tibiofibular clear space- mortise view

The tibiofibular clear space can be measured on an AP
or mortice view of the ankle. It is measured 1 cm above
the tibial plafond. It is described as the horizontal dis-
tance between the deepest point of the fibular groove or
posterior tibial tubercle and the medial edge of the dis-
tal fibula. (The normal range for these indices is less than
6 mm) [14].

TFO-AP tibiofibular overlap- anteroposterior view

TFO-M tibiofibular overlap- mortise view

This measurement can be made on AP or mortise projec-
tions. The horizontal distance between the lateral margin
of the anterior tubercle and the medial contour of the
fibula is measured parallel and about 1 cm above the dis-
tal tibial plafond in a normal anteroposterior view of the
ankle [15]. (The normal range for TFO-AP is greater than
6 mm, and the normal range for TFO-M is greater than
1 mm.) [16].

MCS-AP medial clear space- anteroposterior view

MCS-M medial clear space- mortise view

The medial clear space can be measured on the non-
stressed and stressed ankle mortise views, as the widest
distance between the lateral border of the medial malleo-
lus and the medial side of the talus, and is usually mea-
sured parallel to the superior talar articular surface. This
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Fig. 2 Normal radiographic landmarks seen on an Anteroposterior weight-bearing view: TFCS (Tibiofibular Clear Space), TFO (Tibiofibular Overlap), MCS
(Medial Clear Space), LT width (from the incisura fibularis to the lateral tibia border)

can be measured at the level of the talar dome (common)
or 5 mm inferior to the talar dome. (A medial clear space
of >4—5 mm has been considered abnormal) [17].

APTF ratio anteroposterior tibiofibular ratio

anterior cortex of the tibia at the level of the physeal scar
(a), intersection of the anterior cortex of the fibula and
the tibial physeal scar (b), Anteroposterior tibiofibular
(APTF) ratio=a/b (mean is typically 0.94) [18].

TFD-LAT tibiofibular distance- lateral view
distance from the posterior cortex of the fibula to the
posterior cortex of the tibia on the lateral view [16].

LT-AP lateral tibia- anteroposterior view

LT-M lateral tibia- mortise view

The width of the tibia and fibula and from the incisura
fibularis [19].

Assessment of fibular translation was performed by
measuring the Anteroposterior tibiofibular (APTF) ratio
and Distal Posterior Tibiofibular distance (TFD-LAT) on
lateral radiographs to evaluate the position of the fibula
in terms of lateral translation, posterior translation, and
external rotation (Figs. 3 and 4).

The current study, therefore, sought to use the results
from these 72 cases examined to establish norms for
TFCS, TFO, MCS, and lateral tibia and fibula widths in
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Fig. 3 Normal radiographic landmarks seen on a lateral weight-bearing view: 3a- anterior cortex of the tibia at the level of the physeal scar, 3b- intersec-
tion of the anterior cortex of the fibula and the tibial physeal scar, Anteroposterior tibiofibular (APTF) ratio=a/b

our setting and compare the same with available data
from the global community.

Statistical analysis: SPSS 26.0 was utilized for data pro-
cessing. The distribution of continuous variables was
tested graphically (Q-Q Plot) and by the normality test
“Shapiro-Wilk” The assumption of “Normal Distribu-
tion” was met for all variables. Comparisons of repeated
measurements were performed using the “Paired Sam-
ples t test” and comparisons of independent groups by
means of “Independent Samples t test” Continuous vari-
ables relations were analyzed by the Pearson Correlation

method. Type 1 error margin in all statistical comparison
tests was o:0.05 and tested as two-tailed.

Results
A total of 36 healthy volunteers, 15 (42%) Male and 21
(58%) Female, were included in the study. The mean age
was 33.52 (+8.78), the median value was 33.5 years, the
youngest was 21, and the oldest was 53 years old. The
mean BMI was 23.31 (+3.81).

In the subjects, 72 ankles, both right and left, were
matched for radiological measurement parameters taken
in WB and NWB, and t test analysis was performed in
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Fig. 4 TFD-LAT, distance from the posterior cortex of the fibula to the posterior cortex of the tibia on the lateral view

repeated measurements; statistically significant differ-
ences were found in all of these parameters (Table 1).
TECS and APTF ratio values were significantly higher
in the WB position, whereas TFO, MCS, LT, and TFD-
LAT measurements predominated in the NWB position.
The research hypothesis that radiological measurements
taken in WB and N'WB positions would not differ was
rejected.

The relationship between the WB and NWB differ-
ence value (Diff.) of the radiological measurement results
of the ankle and age and BMI as a result of the Pearson
correlation analysis; a negative correlation was found
between age and TFD-LAT (Dift.) and a positive low-level

correlation was found between BMI and TFO-AP (Diff.)
(Table 2). While the majority of radiological parameters
did not show statistically significant correlations with age
or BMI, two parameters did: a positive low-level corre-
lation was observed between BMI and TFO-AP (Diff.),
and a negative correlation was found between age and
TFD-LAT (Diff.) based on Pearson correlation analysis.
Therefore, the hypothesis that WB-NWB differences are
unrelated to age and BMI was not entirely rejected but
rather rejected only for the remaining parameters.

Ankle WB, NWB radiological measurement param-
eters, and Diff. (WB-NWB) Values were examined with
an independent-sample t test for the difference between
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Table 1 Comparison of WB and NWB radiological measurements

(WB) (NWB) Mean Diff. p* Effect Size**

Mean+SD Mean+SD Mean (95%Cl) Cohen’s d Value
TFCS-AP 44.1+£87 42.1+94 1.98 (0.08; 3.88) 0.041 0.24
TFCS-M 439+7.2 418+79 2.12(0.49;3.75) 0.012 0.30
TFO-AP 67.1+252 7874236 -11.6 (-15.80;-7.41) <0.001 0.65
TFO-M 273155 49+214 -21.67 (-25.27;-18.06) <0.001 1.41
MCS-AP 29.1+3.7 321+42 -3.03 (-4.12;-1.94) <0.001 0.65
MCS-M 248+43 288+4.8 -3.92 (-4.89;-2.95) <0.001 095
LT-AP 109.3+£224 1224226 -12.79 (-16.07;-9.51) <0.001 092
LM 724+£164 90.7+228 -18.22 (-22.37;-14.08) <0.001 1.03
APTF Ratio 137+£0.28 0.96+0.25 042 (0.35;0.48) <0.001 143
TFD-LAT 359+189 62+27 -26.1(-31.00;-21.20) <0.001 1.25
* Paired Samples t test. ** Cohen'’s d value (<0.1 No Effect, 0.1-0.4 Small Effect, 0.4-0.7 Intermediate Effect,>0.7 Large Effect)
Table 2 The relationship between diff. (WB-NWB) age and BMI
Diff. (WB-NWB) Age BMI

r p r p

TFCS-AP -0.004 0971 -0.008 0.945
TFCS -M -0.118 0324 +0.008 0.946
TFO-AP 001 0927 +0.246" 0.038
TFO-M -0.161 0.176 +0.026 0.830
MCS-AP -0.113 0.345 -0.081 0.498
MCS-M +0.168 0.159 +0.199 0.094
LT-AP -0.055 0.648 +0.183 0.124
LT-M -0.189 0111 +0.022 0.857
APTF Ratio +0.125 0.294 +0.020 0.864
TFD-LAT -0.237" 0.045 +0.004 0.975

*Correlation is significant at 0.05

genders; There was no significant difference between
genders in TFCS-AP measurements. TFCS-M measure-
ments were found to be higher in men for WB position,
the difference was statistically significant, and there was
no statistically significant difference for NWB and Diff.
(WB-NWB). TFO-AP was found to be higher in men
than in women in all measurements. TFO-M WB and
NWB were found to be statistically significantly higher
in men, while Diff. (WB-N'WB) was not significantly dif-
ferent between men and women. There was a statistically
significant difference in all MCS-AP measurements in
men, they were found to be higher in men. MCS-M WB
and NWB were statistically significantly higher in men,
there was no Diff. (WB-NWB). LT-AP, both WB, NWB,
and Diff. (WB-NWB) were found to be significantly
higher in males. LT-M measurements were found to be
statistically significantly higher in WB and N'WB males,
while Diff. (WB-NWB) was found to be similar. No sig-
nificant difference was found between genders for APTF
Ratio and TFD-LAT (Table 3).

Discussion

The results of this study illustrate significant radiographic
differences between WB and NWB states when evaluat-
ing distal tibiofibular syndesmosis and thus confirm the

role of WB radiography in the functional analysis of syn-
desmotic stability. Given the diagnostic challenges posed
by the subtle radiographic presentation of syndesmotic
injuries, our findings underscore the diagnostic potential
of WB imaging on multiple parameters, most notably for
TECS, TFO, and MCS. These findings align with emerg-
ing literature and further support the use of WB imaging
in diagnostic protocols.

The significant rise of TFCS under WB conditions in
both AP and mortise views (TFCS-AP and TFCS-M,
p=0.041 and p=0.012) supports the dynamic widening
effect under physiological loading. This kind of widening
effect was well-documented in previous studies where
the syndesmotic space is recorded to widen under WB
due to an external rotational pull on both tibia and fibula
[20].

Importantly, Del Buono et al. (2013) emphasized that
‘syndesmotic injuries, if not diagnosed promptly and
managed appropriately, can lead to chronic instabil-
ity, osteoarthritis, and long-term functional disability,
underscoring the clinical imperative for accurate imaging
modalities like WB radiography to guide early interven-
tion [21].

Phisitkul et al. reiterated that WB imaging is closer
to functional joint loading, which tends to reveal
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Male Female Mean Diff. p Effect Size**
Mean+SD Mean+SD Mean (95%Cl) Cohen’s d Value
TFCS-AP (WB) 441+94 441+83 0.01 (-4.16;4.18) 0.997 0.00
TFCS-AP (NWB) 416+113 425+8 -0.89 (-5.70; 3.93) 0.713 0.09
TFCS-AP (WB-NWB) 25+92 16172 0.89 (-2.97;4.76) 0.646 011
TFCS-M (WB) 46.1+6 424+76 3.76 (0.44; 7.09) 0.027 0.54
TFCS -M (NWB) 433178 40.8+8 248 (-1.28;6.25) 0.193 031
TFCS -M (WB-NWB) 29+66 16+7.2 1.32(-2.01;4.65) 0431 0.19
TFO-AP (WB) 87+21.1 5294169 34.15 (25.22;43.08) <0.001 1.82
TFO-AP (NWB) 91.6+245 69.5+184 22.05(11.99;32.12) <0.001 1.05
TFO-AP (WB-NWB) -46+19.5 -16.6+14.8 12.09 (4.03; 20.16) <0.001 0.71
TFO-M (WB) 329+164 233+137 9.55 (2.46; 16.64) 0.009 0.64
TFO-M (NWB) 56.6+23.6 43.5+18.1 13.09 (2.79; 23.39) 0.014 0.64
TFO-M (WB-NWB) -23.7+163 -202+146 -3.54 (-10.85; 3.77) 0337 0.23
MCS-AP (WB) 31.7+34 272+2.7 453 (3.10; 5.96) <0.001 1.51
MCS-AP (NWB) 334+37 312144 2.20(0.23;4.16) 0.029 0.53
MCS-AP (WB-NWB) -1.7+38 -4+49 2.33(0.18;4.49) 0.034 052
MCS-M (WB) 271437 232+39 3.94(211;5.77) <0.001 1.03
MCS-M (NWB) 30.8+5.1 27.3+4.1 346 (1.28;5.63) 0.002 0.76
MCS-M (WB-NWB) -3.6+4.7 -41+3.7 049 (-1.49;2.47) 0.626 0.12
LT-AP (WB) 1264+20 97+14.6 2946 (20.85; 38.07) <0.001 1.73
LT-AP (NWB) 13514231 1128+17.1 22.30(12.30; 32.30) <0.001 1.12
LT-AP (WB-NWB) -86+12 -158+14.6 7.16 (0.68; 13.64) 0.031 0.53
LT-M (WB) 79.7+£16.1 67.2+146 12.52(5.2;19.78) 0.001 0.82
LT-M (NWB) 100.5+254 836+18 16.91 (6.05; 27.77) 0.003 0.79
LT-M (WB-NWB) -20.8+20.3 -164+155 -4.39 (-12.80; 4.02) 0.301 0.25
APTF Ratio (WB) 1.44+0.25 1.334+0.29 1 (-0.02; 0.25) 0.089 041
APTF Ratio (NWB) 0.99+0.27 094+0.24 0.06 (-0.06;0.18) 0.361 0.22
APTF Ratio (WB-NWB) 045+0.25 0.39+0.31 0.06 (-0.08; 0.20) 0400 0.20
TFD-LAT(WB) 3794178 3454198 3.36 (-5.68; 12.40) 0.461 0.18
TFD-LAT(NWB) 64.5+29 60.3+257 4.25 (-8.68;17.18) 0514 0.16
TFD-LAT(WB-NWB) -26.6+219 -257+203 -0.89 (-10.90; 9.12) 0.860 0.04

*Independent-sample t test. ** Cohen’s d value (< 0.1 No Effect. 0.1-0.4 Small Effect. 0.4-0.7 Intermediate Effect. >0.7 Large Effect)

instabilities not often detected by NWB imaging. Equally
important, the study by Zalavras et al. and Egol et al.
confirms that TFCS measurements under WB provide a
suitable representation of syndesmotic integrity. This is
particularly relevant in the diagnosis of athletes or other
active individuals who are susceptible to syndesmotic
injury and thus require evaluation under functional load.
Gravity stress radiographs appear to increase the need
for operative treatment [22-25].

On the other hand, some authors have suggested that
NWB imaging may overestimate TFCS widening in the
absence of loading forces, thus leading to overtreatment.
They include Gardner et al. and Bekerom et al. [26, 27].
Therefore, these studies confirm the importance of WB
imaging for properly diagnosing syndesmotic injuries,
which avoids misunderstanding of TFCS widening in
NWB images.

The findings of this study are consistent with those
reported by Pneumaticos et al, who emphasized
the significant impact of rotational dynamics on the

radiographic evaluation of tibiofibular syndesmosis
[28]. Their research demonstrated that variations in foot
positioning could substantially alter radiological mea-
surements, highlighting the necessity for standardized
imaging techniques to ensure accuracy. In alignment with
their conclusions, our study also observed notable differ-
ences in TFCS and TFO values between WB and NWB
conditions, reinforcing the importance of physiological
loading during imaging to assess syndesmotic integrity.
The evaluation of tibiofibular syndesmosis injuries is
commonly performed through radiographic imaging,
with weight-bearing and non-weight-bearing X-rays
being pivotal in diagnosing instability. As highlighted by
Magan et al. (2014),[ul] while advanced imaging tech-
niques like CT and MRI provide detailed information,
conventional X-rays in weight-bearing positions can
effectively assess syndesmotic involvement and guide
management. Our study, comparing weight-bearing and
non-weight-bearing radiographs, supports the notion
that weight-bearing views offer valuable insights into
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syndesmotic injury severity, aligning with current clinical
practices for diagnosing and managing such injuries [29].

Additionally, Lepojdrvi et al. utilized weight-bearing
computed tomography (WBCT) to examine the rota-
tional dynamics of the distal tibiofibular joint, revealing
that WB imaging is more effective in identifying subtle
instabilities that might not be evident in NWB conditions
[30]. These findings align with our study, which demon-
strated the superior diagnostic utility of WB imaging,
particularly for parameters such as TFCS-AP, TFCS-M,
and the APTF ratio. This underscores the clinical rel-
evance of WB imaging, especially for evaluating joint
functionality in active populations.

These results collectively contribute to the growing
body of evidence supporting the diagnostic advantages
of WB imaging over NWB imaging for syndesmotic inju-
ries. Our study builds on this foundation by employing
standardized radiographic techniques and offering nor-
mative data for the syndesmosis under physiological load
conditions, which may enhance diagnostic precision and
clinical decision-making.

A recent Level I evidence-based meta-analysis further
corroborates the clinical relevance of syndesmotic stabil-
ity assessment, demonstrating that suture button fixation
achieves significantly better functional outcomes com-
pared to screw fixation in talofibular syndesmotic injuries
(Migliorini et al., 2024). This underscores the critical role
of accurate diagnostic modalities like WB radiography in
guiding optimal treatment selection [31].

TFO measurements also displayed significant WB ver-
sus NWB differences, with WB values notably lower than
NWB (p<0.001 for TFO-AP and TFO-M), suggesting
that loading forces reduce overlap by drawing the fibula
closer to the tibia. This phenomenon has been reported
by Seidel et al. and Beumer et al., who noted that the
compressive effects of WB facilitate a more stable joint
configuration by minimizing overlap [25, 32]. Our
study’s effect sizes for TFO were large (Cohen’s d =0.65
and 1.41), further underscoring the clinical relevance
of this difference. LaMothe et al. previously discussed
the clinical implications of these WB-induced changes,
recommending WB imaging to avoid misdiagnosing
syndesmotic instability in cases where NWB TFO mea-
surements could exaggerate apparent displacement [33].

Moreover, Hunt et al. found that TFO’s sensitivity to
WB conditions is paramount in the high-demand settings
of athletic populations, as WB imaging reflects functional
joint stability [34]. Perelli et al. confirmed similar results,
finding TFO values critical for accurate assessment in
syndesmotic injuries and concluding that NWB imaging
often inadequately represents TFO dynamics, particu-
larly in active individuals [35].

MCS was also significantly lower under WB, in agree-
ment with the studies of Zalavras et al., who determined
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WB imaging to be an important modality in the appro-
priate reproduction of syndesmotic stability [23]. An
increased MCS in NWB radiographs can also result in
false positives for the diagnosis of syndesmotic injuries
because NWB imaging does not have functional loading
to capture true syndesmotic integrity. However, our MCS
study results, p <0.001, support those of Porter et al., who
advised WB imaging for the reliable assessment of MCS
because it is less prone to overestimation with regard to
medial widening [36].

The significant increase in LT-AP and LT-M under
NWB conditions aligns with Zalavras et al., who found
that NWB conditions might artificially exaggerate syn-
desmotic displacement [24]. A study done by Seidel et
al. highlighted that WB compression stabilizes the joint,
reducing false indications of instability [25, 37]. Our find-
ings align with Gardner et al. and van den Bekerom et
al., whose work supports the utility of LT measurements
under WB, revealing that NWB measurements risk over-
estimating instability due to the lack of stabilizing load
forces [26, 27].

The Tibiofibular Distance (TFD-LAT), as measured via
lateral radiographs in this study, demonstrated significant
differences between WB and NWB conditions. NWB
conditions exhibited higher TFD-LAT values, reflecting a
greater posterior translation and external rotation of the
fibula relative to the tibia in the absence of physiological
loading forces. These findings align with Beumer et al,
who highlighted that NWB imaging could overestimate
posterior translation due to the lack of stabilizing com-
pressive forces under load-bearing conditions [32].

Both Zalavras et al. and Gardner et al. It was deter-
mined that weight-bearing conditions compress the tib-
iofibular joint. This compression makes it appear to move
less, thereby providing a more accurate representation of
functional stability [23, 26]. This supports the idea that
TFD-LAT values measured in WB conditions are a bet-
ter indicator of syndesmotic integrity and are less likely
to overestimate instability than NWB imaging.

Additionally, this study identified a negative correlation
between age and TFD-LAT differences, suggesting that
joint flexibility decreases with age. This finding agrees
with what Zalavras et al. found, which is that older peo-
ple’s less flexible ligaments may change how syndesmotic
dynamics work when they are loaded. These results sug-
gest that diagnostic thresholds based on age may help in
understanding TFD-LAT differences in clinical practice
[23].

A strong negative relationship (p<0.05) between age
and TFD-LAT differences suggests that joint flexibil-
ity decreases with age. This is supported by the work of
Zalavras et al. and LaMothe et al., who found that older
patients had less joint elasticity and ligamentous flex-
ibility [23, 33]. This link is important for doctors because
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it means that younger patients may have more syndes-
motic widening when they are bearing weight than older
patients.

Similarly, a positive correlation between BMI and
TFO-AP indicates that heavier patients may experience
increased overlap under WB. This fits with what Gardner
et al. found, which is that BMI has a big effect on syndes-
motic stability when the body is bearing weight [26].

Significant gender differences were found in the pres-
ent study, especially in the cases of TFO and MCS in both
the WB and NWB conditions. These findings agree with
Perelli et al,, who found higher values for syndesmotic
measurements in males due to differences in ligamen-
tous laxity and anatomy [35]. Talia et al’s results showed
that there is a lack of scientific reporting of gender dif-
ferences of foot and ankle injuries, and so, they adjusted
the diagnosis threshold value according to gender in the
measurements of the syndesmosis [36, 37].

The observation regarding the absence of gender-
related differences in WB versus NWB-TFCS mea-
surements aligns with findings in studies that explore
syndesmotic measurements. For example, research ana-
lyzing syndesmotic parameters using weight-bearing AP
radiographs found no significant gender differences in
TECS values, suggesting that this measurement is less
sensitive to gender variability. In contrast, other param-
eters, such as TFO, did show significant gender-related
differences [27]. However, the values of TFO were higher
for males; this might suggest that these increases could
possibly be attributed to factors of anatomy. Similarly
reported that cadaveric studies may also present TFO
due to differences in bone morphology between genders
[32].

Regarding foot positioning in the non-weight-bearing
(NWB) state, it may be assumed that variations could
influence radiologic parameters used to assess syndes-
motic integrity in the subjects enrolled in this study.
However, Souleiman et al. investigated the impact of foot
positioning on radiographic measurements relevant to
diagnosing syndesmotic injuries. Their findings indicated
that external rotation of the foot under load is the most
sensitive position for detecting isolated or subtle syndes-
motic instability [38, 39].

In contrast, a review of the literature examining the
effects of plantar flexion in NWB radiographic views
reported no significant changes in commonly used diag-
nostic parameters, such as the medial clear space and
tibiofibular clear space, suggesting that these measure-
ments remain reliable despite foot positioning in NWB
conditions.

Future advancements in deep learning and artificial
intelligence are anticipated to revolutionize diagnostic
and prognostic accuracy [40].
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Weight-bearing (WB) imaging demonstrates a func-
tionally precise evaluation of syndesmotic integrity. Sev-
eral studies have affirmed its diagnostic importance in
this context [23, 41].

Conclusion

This study highlights the superior diagnostic value of
weight-bearing (WB) radiographs in assessing distal tib-
iofibular syndesmosis, with significant differences noted
in key radiological parameters compared to non-weight-
bearing (NWB) imaging. WB imaging more accurately
reflects functional joint stability.

Considering the impact of demographic factors,
including gender, weight-bearing radiographs should be
regarded as an essential element in the assessment of
suspected syndesmotic injuries. Additional multicenter
studies are necessary to enhance diagnostic criteria and
develop patient-specific protocols.

Limitations

However, this study is limited by its single-center design
and relatively small sample size. Future multicenter stud-
ies with larger and more diverse populations are neces-
sary to validate these findings. Further research is also
needed to refine WB imaging protocols based on demo-
graphic variables such as age, sex, and BMI, to enhance
diagnostic accuracy across all patient groups.

“It is accurate that the BMI distribution in our sample
did not include obese individuals, as demonstrated by the
mean BMI of 23.31 (SD =3.81). We acknowledge that this
limitation reduces the external validity of our findings,
particularly for populations with higher BMIs”
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